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SPECIFICATION 



LIQUID CRYSTAL DISPLAY DEVICE 
AND METHOD FOR MANUFACTURING THE SAME 

FIELD OF THE INVENTION 
The present invention relates to an active matrix liquid 
crystal display device utilizing a switching element such as 
a thin film transistor (hereinafter called TFT) , and the method 
for manufacturing the same, and more specifically, to a shading 
means for shading the switching element, and the method for 
manufacturing the same. 

DESCRIPTION OF THE RELATED ART 
Liquid crystal display devices are known for its advanced 
characteristics such as light-weight, reduced thickness, and 
low power consumption, and active research and development is 
performed in the field. A liquid crystal display comprises 
"pixel elements" arranged in matrix, which are formed by placing 
liquid crystal molecules in between transparent electrodes. 
When an arbitrary voltage is provided between the transparent 
electrodes corresponding to each pixel element, the alignment 
of the liquid crystal molecules in the pixel element is changed, 
and the degree of polarization of the light passing through the 
liquid crystal is varied, which leads to controlling the 
transmission rate of the light. The liquid crystal display 
device is divided into two types based on operation principles, 
that is, the simple matrix type and the active matrix type. 
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Since the active matrix liquid crystal display device utilizes 
active elements of the TFT as switching elements for individual 
pixel elements, independent signals could be transmitted to 
each pixel element, and it is capable of providing improved 
resolution and clear display image. 

A TFT utilizing amorphous silicon thin film is often used 
as the switching element for the active matrix liquid crystal 
display device. Moreover, recently proposed technique refers 
to a TFT that utilizes a polysilicon thin film formed either 
by heat treating an amorphous silicon thin film in a temperature 

over 600 °C, or by providing a laser crystallization in which 
pulse laser (such as excimer laser) is radiated to the thin film 
for recrystallization. The polysilicon thin film is 
advantages in that it has higher mobility compared to the 
amorphous silicon thin film, which allows not only the switching 
elements for the pixels but also the driving circuit for driving 
the switching elements of the pixels to be formed on the same 
substrate using the polysilicon TFT. 

As mentioned above, the liquid crystal display device 
controls the transmission rate of the light passing through the 
liquid crystal by changing the degree of polarization of the 
light passing through the liquid crystal, but the device itself 
is not equipped with a light emitting member. Therefore, a 
light source of some sort must be provided to the device. For 
example, in the case of a transmission-type liquid crystal 
display device, a lighting device, so-called a back light, is 
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placed on the back side of the liquid crystal display, and the 
light transmitted through the device enables images to be 
displayed. In the case of a projector, a metal halide lamp and 
the like are used as the light source, and image is projected 
by combining the liquid crystal display device with a lens 
system. Moreover, in case of a reflection-type display, the 
incident light provided from the exterior is reflected by a 
reflecting electrode in order to display image. 

In general, if light is radiated to a semiconductor, such 
as silicon, and light absorption occurs, electrons are excited 
to the conductive band and positive holes are excited to the 
valece band, generating electron-hole pairs and causing a 
so-called photoelectric effect. The same could be said for the 
amorphous silicon thin film or the polysilicon thin film 
utilized as the pixel switching elements. By radiating light 
thereto, electron-hole pairs are generated in the thin film. 
Accordingly, when light is radiated to the TFT using either the 
amorphous silicon thin film or the polysilicon thin film as the 
active layer, photocurrent is caused by the electron-hole pairs , 
which increases the leak current during the off-state of the 
TFT. This leads to deteriorating the contrast and the like of 
the liquid crystal display. 

In the case of a reflection-type liquid crystal display 
device, the reflecting electrode mainly composed of a metal film 
connected to the TFT is arranged to cover the TFT, so that no 
incident light from the exterior reaches the TFT directly. 
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Thereby, leak current of the TFT is prevented from increasing. 
However, in the case of a transmission-type liquid crystal 
display device, the TFT is not only exposed constantly to the 
strong light from the back light, but some incident light other 
than that from the back light also tend to reach the TFT. 
Moreover, in the case of projectors, the light reflected by the 
lens may reach the TFT. Accordingly, various inventions are 
proposed that aim at preventing incident light from reaching 
the TFT. 

For example, as shown in FIG. 11, a proposal is made in 
providing a shading film 63 and a shading film 64 above and under 
the switching electrode 62 via insulation layers, in order to 
block the light coming from above and under the switching 
element (Japanese Patent Application Laid-Open Publication No. 
58-159516). This is effective in reducing leak current, and 
improving the display characteristics . 

According to another proposal, as shown in FIG. 12, in an 
adhered SOI substrate, an upper shading layer 66 and a lower 
shading layer 67 is provided above and under a MOSFET 65, in 
order to block the direct incident light coming from above and 
under the MOSFET, and to also block the light reflected by the 
back surface of the substrate, thereby effectively preventing 
increase of leak current of the TFT ( Japanese Patent Application 
Laid-Open Publication No. 10-293320). 

According to yet another proposal, as shown in FIG. 13, 
by providing a shading film 69 under the switching element 68 
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and providing a black matrix 70 formed of silicon thin film and 
silicide film on the opposing substrate, not only the direct 
incident light is blocked, but also the reflection of light 
within the liquid crystal display device is restrained, since 
the fine unevenness provided to the surface reduces the 
reflection rate and diffuses light (Japanese Patent Application 
Laid-open Publication No. 10-319435). 

According to the above method, shading layers are provided 
above and under the TFT so as to prevent incident light coming 
in from the exterior from reaching the semiconductor film or 
active layer of TFT, and most of the incident light fails to 
reach the semiconductor film. However, the incident angle of 
the light coming into the liquid crystal display device is not 
always perpendicular to the substrate, but has a certain degree 
of dispersion, and the light entering the display device may 
be repeatedly reflected within the device. When light reaches 
the TFT according to these reasons, the light causes problems 
such as increase of leak current of the TFT. 

As shown in FIG. 10 (a), light (A) and light (B) are blocked 
by the upper shading layer 54 and the lower shading layer 51, 
and they will not reach the TFT 55. However, the oblique 
incident light (C) coming from the upper shading layer 54 side 
is reflected by the lower shading layer 51, and reaches the TFT 
55. Moreover, the oblique incident light (D) coming from the 
upper shading layer 54 side is reflected by the lower shading 
layer 51, then reflected by the upper shading layer, before 
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reaching the TFT 55. Similarly, the incident light (E) and (F) 
coming from the lower shading layer 51 side also reached the 
TFT 55 after being reflected once or more times. Therefore, 
according to the proposal of Japanese Patent Application 
Laid-Open Publication No. 58-159516, the light traveling as 
mentioned above will reach the transistor, causing increase of 
leak current. 

Moreover, as shown in FIG. 10 (b), when the upper shading 
layer 60 is larger than the lower shading layer 57, the oblique 
incident light (C), (D) and (G) coming from the upper shading 
layer 60 side is blocked by the upper shading layer, but on the 
other hand, the oblique incident light (E), (F) and (I) coming 
from the lower shading layer 57 side still reaches the TFT 61, 
and the oblique incident light (H) coming from the lower shading 
layer side that would not have reached the TFT if the upper and 
lower shading layers were the same size also reaches the TFT 
61 since it is reflected by the back surface of the upper shading 
layer 60. As mentioned, according to the invention disclosed 
in Japanese Patent Application Laid-Open Publication No. 
10-2 9332 0, the light traveling as mentioned above will reach 
the transistor, causing increase of leak current. 

Moreover, according to the method indicated in Japanese 
Patent Application Laid-Open Publication No. 10-319435, the 
light (G) coming in from the upper shading layer 4 side shown 
in FIG. 10 (a) , or the light (I) coming in from the lower shading 
layer 57 side shown in FIG. 10 (b) will be diffused by the fine 
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unevenness of the surface of the shading layer, and some of the 
light that would have reached the TFT if not for the diffusion 
will be removed effectively* However, since the direction of 
light reflected by the uneven surface of the shading layer is 
random, the light that would have reached the TFT by the second 
reflection if the surface of the shading layer were smooth would 
reach the TFT by a single reflection. The invention causes some 
lights to reach the TFT more easily, causing increase of leak 
current similarly as the other two prior art examples. 

As explained above, it was difficult according to the prior 
art technique to prevent the incident light traveling obliquely 
into the display device from above and under the device from 
reaching the TFT. By sufficiently increasing the size of the 
upper and lower shading films, it may be possible to reduce the 
intensity of the light reaching the TFT reflecting many times 
on the upper and lower shading films, by the reflection rate 
of the upper and lower shading films and the light absorption 
caused by the insulation film between the upper and lower 
shading films. However, according to such method, the area of 
the shading films are insufficiently increased, causing other 
problems such as reduction of aperture rate, an important 
element of liquid crystal displays. Moreover, the increase of 
size of the shading films does not fundamentally prevent light 
from reaching the TFT. 



SUMMARY OF THE INVENTION 
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Problems to be solved by the Invention 

The present invention aims at solving the above-mentioned 
problems. The object of the present invention is to provide 
an active matrix liquid crystal display having improved 
brightness and high contrast, and the method of manufacturing 
the same. 

Means for solving Problem 

The present invention provides an active matrix liquid 
crystal display device comprising a liquid crystal cell, a 
switching element arranged in matrix, and shading layers 
mounted both on the upper side and the lower side of the switching 
element; wherein at least one of the upper and lower shading 
layers includes a sloped portion and has a convex shape 
protruding toward the switching element. 

The present invention also provides an active matrix liquid 
crystal display device comprising a liquid crystal cell, a 
switching element arranged in matrix, and shading layers 
mounted both on the upper side and the lower side of the switching 
element; the upper shading layer including an upper sloped 
portion and having a convex shape protruding toward the 
switching element, the lower shading layer having a flat shape: 
wherein the upper shading layer is formed so that the upper 
sloped portion is located at a 6 1 angle to the horizontal 
direction, and the upper sloped portion has a horizontal 
direction length of l n ; the lower shading layer is formed so 
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that the length from the end of the lower shading layer to the 
point that the line drawn downward to the vertical direction 
from the origin of the upper sloped portion crosses the lower 
shading layer is 1 12 ; and the maximum incident angle of the 
incident angle of the light traveling obliguely from the upper 
shading layer side is a lf the maximum incident angle of the 
light traveling obliquely from the lower shading layer side is 
j8 lf and the distance between the upper shading layer and the 
lower shading layer is d 17 in which 6 lf 1 21 and 1 12 each fulfill 
0 1 > j3 lf 1 X1 > ( • tan a x ) / ( 1 - tan l9 x • tan a x ) , and 1 12 > d x • 
tan/? 2 . 

Moreover, the present invention provides an active matrix 
liquid crystal display device comprising a liquid crystal cell, 
a switching element arranged in matrix, and shading layers 
mounted both on the upper side and the lower side of the switching 
element; the lower shading layer including a lower sloped 
portion and having a convex shape protruding toward the 
switching element, the upper shading layer having a flat shape: 
wherein the lower shading layer is formed so that the lower 
sloped portion is located at a 6 2 angle to the horizontal 
direction, and the lower sloped portion has a horizontal 
direction length of 1 21 ; the upper shading layer is formed so 
that the length from the end of said upper shading layer to the 
point that the line drawn upward to the vertical direction from 
the origin of the lower sloped portion crosses the upper shading 
layer is 1 22 ; and the maximum incident angle of the light 
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traveling obliquely from the lower shading layer side is a 

2 , the maximum incident angle of the light traveling obliquely 

from the upper shading layer side is /3 2 , and the distance between 
the upper shading layer and the lower shading layer is d 2 , in 

which 9 2 , 1 21 and 1 22 each fulfill 9 2 > j3 2 , 1 21 > (l 22 +d 2 - tan 

a i) /( l-tan0 2 ' tana 2 ) , and 1 22 > d 2 • tan/? 2 . 

Further, the present invention provides an active matrix 
liquid crystal display device comprising a liquid crystal cell, 
a switching element arranged in matrix, and shading layers 
mounted both on the upper side and the lower side of the switching 
element; the upper and lower shading layers respectively 
including an upper sloped portion or a lower sloped portion, 
both having a convex shape protruding toward the switching 
element, and the lower sloped portion formed longer than the 
upper sloped portion: wherein the upper shading layer is formed 

so that the upper sloped portion is located at a 0 31 angle to 
the horizontal direction, and the upper sloped portion has a 
horizontal direction length of 1 31 ; the lower shading layer is 

formed so that the lower sloped portion is located at a 0 32 angle 
to the horizontal direction, and the lower sloped portion has 
a horizontal direction length of 1 32 ; and the maximum incident 
angle of the light traveling obliquely from the upper shading 
layer side is a 3 , the maximum incident angle of the light 
traveling obliquely from the lower shading layer side is (3 

3 , and the distance between the upper shading layer and the lower 

shading layer is d 3 , in which <9 31 , <9 32 , 1 31 and 1 32 each fulfill 
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03i > 03* 6 32 > oc, r 1 31 > tan/3 3 - (d 3 +l 32 • tan0 32 ) , and 1 32 > tan 

tf 3 " (d 3 +l 3 i ' tan0 31 ) . 

Moreover, the present invention provides an active matrix 

liquid crystal display device comprising a liquid crystal cell, 
a switching element arranged in matrix, and shading layers 
mounted both on the upper side and the lower side of the switching 
element; the upper and lower shading layers respectively 
including an upper sloped portion or a lower sloped portion, 
both having a convex shape protruding toward the switching 
element, and the upper sloped portion formed longer than the 
lower sloped portion: wherein the lower shading layer is formed 
so that the lower sloped portion is located at a 9 41 angle to 
the horizontal direction, and the lower sloped portion has a 
horizontal direction length of 1 41 ; the upper shading layer is 
formed so that the upper sloped portion is located ataS 42 angle 
to the horizontal direction, and the upper sloped portion has 
a horizontal direction length of 1 42 ; and the maximum incident 
angle of the light traveling obliquely from the lower shading 
layer side is a 4/ the maximum incident angle of the light 
traveling obliquely from the upper shading layer side is /? 
4 , and the distance between the lower shading layer and the upper 
shading layer is d 4 , in which 0 41 , 0 42 , 1 41 and 1 42 each fulfill 
0 4i > J3,r 0 i2 > a*, l 4 i > tan/? 4 - (d 4 +l 42 • tan0 42 ) , and 1 42 > tan 

a 4 • (d 4 +l 41 • tan0 41 ) . 

According to another aspect of the invention, in the above 

liquid crystal display devices, the upper shading layer and the 
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lower shading layer are each formed of one of the following: 
a metal film (Al, Ta, Ti, W, Mo, Cr, Ni), a singled layered film 
made for example of polysilicon, AISi, MoSi 2 , TaSi 2 , TiSi 2 , WSi 2 , 
CoSi 2/ NiSi 2 , PtSi, Pd 2 S, HfN, ZrN, TiN, TaN, NbN, Tie, TaC or 
TiB 2 , or of a structure formed by laminating said films. 

Even further, the present invention provides a liquid 
crystal display device according to the above, wherein either 
the upper shading layer or the lower shading layer, or both said 
upper and lower shading layers, is or are also used for wiring. 

Moreover, the present invention provides a method for 
manufacturing the liquid crystal display device according to 
any disclosed above, wherein the layer underneath either the 
upper shading layer or the lower shading layer is formed using 
Si0 2 , which is isotopically etched through HF using a resist 
mask, and removed of the mask before either the upper shading 
layer or the lower shading layer is formed thereon. 

Lastly, the present invention provides a method for 
manufacturing the liquid crystal display device according to 
any disclosed above, wherein the layer underneath either the 
upper shading layer or the lower shading layer is formed using 
Si0 2 , which is isotopically dry-etched using a resist mask, and 
removed of the mask before either the upper shading layer or 
the lower shading layer is formed thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an explanatory cross-sectional view around a 
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switching element in the liquid crystal display device of 
embodiment 1 ; 

FIG. 2 is an explanatory view showing the reflection of 
the incident light to the switching element of the liquid 
crystal display device according to embodiment 1; 

FIG. 3 is an explanatory view sowing the switching element 
and the sloped portion of a shading layer in the liquid crystal 
display device of embodiment 1; 

FIG. 4 is an explanatory view showing the former half of 
the steps for manufacturing the switching element and the like 
of the liquid crystal display device according to embodiment 

i; 

FIG. 5 is an explanatory view showing the latter half of 
the steps for manufacturing the switching element and the like 
of the liquid crystal display device according to embodiment 

i; 

FIG. 6 is an explanatory cross-sectional view around a 
switching element in a liquid crystal display device according 
to embodiment 2 ; 

FIG. 7 is an explanatory view showing the steps for 
manufacturing the switching element and the like of the liquid 
crystal display according to embodiment 2; 

FIG. 8 is an explanatory cross-sectional view showing the 
periphery of a switching element in a liquid crystal display 
device according to embodiment 3 ; 

FIG. 9 is an explanatory view showing the reflection of 
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incident light to the switching element of the liquid crystal 
display device according to embodiment 3 ; 

FIG. 10 is an explanatory view showing the incident light 
to the switching element in the prior art liquid crystal display 
device; 

FIG. 11 is an explanatory cross-sectional view around the 
switching element according to the liquid crystal display 
device of prior art example 1; 

FIG. 12 is an explanatory cross-sectional view around the 
switching element according to the liquid crystal display 
device of prior art example 2; and 

FIG. 13 is an explanatory cross-sectional view around the 
switching element according to the liquid crystal display 
device of prior art example 3 . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The preferred embodiment of the present invention will now 
be explained. 

FIGS. 1 through 9 are used to explain the embodiments of 
the liquid crystal display device and the method for 
manufacturing the same according to the present invention. FIG. 
1 is an explanatory cross-sectional view around a switching 
element in the liquid crystal display device of embodiment 1. 
FIG. 2 is an explanatory view showing the reflection of the 
incident light to the switching element of the liquid crystal 
display device according to embodiment 1. FIG. 3 is an 
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explanatory view sowing the switching element and the sloped 
portion of a shading layer in the liquid crystal display device 
of embodiment 1* FIG. 4 is an explanatory view showing the 
former half of the steps for manufacturing the switching element 
and the like of the liquid crystal display device according to 
embodiment 1. FIG. 5 is an explanatory view showing the latter 
half of the steps for manufacturing the switching element and 
the like of the liquid crystal display device according to 
embodiment 1. FIG. 6 is an explanatory cross-sectional view 
around a switching element in a liquid crystal display device 
according to embodiment 2. FIG. 7 is an explanatory view 
showing the steps for manufacturing the switching element and 
the like in the liquid crystal display device of embodiment 2. 
FIG. 8 is an explanatory cross-sectional view around a switching 
element in a liquid crystal display device according to 
embodiment 3. FIG. 9 is an explanatory view showing the 
reflection of incident light to the switching element of the 
liquid crystal display device according to embodiment 3. 

Embodiment 1 will now be explained. The present embodiment 
will be explained with reference to FIGS. 1 through 3, the 
direction of alignment of the switching elements being referred 
to as the horizontal direction, and the liquid crystal layer 
side being referred to as the lower side. The active matrix 
liquid crystal display device according to the present 
embodiment comprises a liquid crystal cell, switching elements 
arranged in matrix, and so on. The switching element 10 0 
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comprises an insulation film 3, an active layer 4, a gate 
insulation film 5, a gate electrode 6, a source region 7, a drain 
region 8, a channel region 9, an interlayer insulation film 10, 
a contact hole 11 for taking out the electrodes, a source 
electrode 12, a drain electrode 13, a nitride film 14, an oxide 
film 15, and so on. On the upper side and the lower side of 
the switching element 100 are arranged, as shown in FIG. 1 (a), 
a transparent substrate 1, a lower shading layer 2, an upper 
shading layer 18, and so on. The upper shading layer 18 is 
formed to have an upper sloped portion 181 , so as to have a convex 
shape protruding toward the switching element. The lower 
shading layer 2 is flat. FIG. 1 (b) is an explanatory 
cross-sectional view taken in the channel width direction at 
either the source end or the drain end of the channel region. 

The shading layers 2 and 18 of embodiment 1 will be explained 
in detail. As for the upper shading layer 18, the upper sloped 
portion is located ata^ angle to the horizontal direction, 
and the horizontal direction length of the upper sloped portion 
is l n . As for the lower shading layer 2, the length from the 
end of the lower shading layer 2 to the point that the line drawn 
downward in the vertical direction from the origin of the upper 
sloped portion crosses the lower shading layer 2 is 1 12 . The 
incident angle of the light traveling obliquely from the upper 
shading layer side is a, the maximum incident angle is a ir the 
incident angle of the light traveling obliquely from the lower 
shading layer side is /3 , the maximum incident angle is /3 lt and 
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the distance between the upper shading layer and the lower 
shading layer is set as d x . According to the above, the two 
following formula must be fulfilled in order for the incident 
light coming in from the lower side to be reflected at the upper 
shading layer and to be reflected outward without reaching the 
TFT- 

(7t/2-O x -0 12 ) + (2/8 12 +/3) = TV/2 

012 > 0 

Accordingly, for 0 12 ( = 6 ) > 0 to be true for all 0(0 

= 0 1) t 9i must be 

0 1 > j3 1 formula (1-1) 

Moreover, as disclosed in FIG. 2, 

112 > lis 

is necessary* Further, since 

1 13 = (d^l^-l^) -tanGi) - tan/?: 
therefore 

I12-I13 = <li2-di * tan/?)/(l+tan^ 1 • tan/?) 

Accordingly, for every /3{0S0 1 ) to be 1 12 >1 13 , I12 must be 

1 12 > d x • tan^j . — formula (1-2) 
Moreover, for the oblique incident light coming from the upper 
side to not be reflected by the flat lower shading film, 

I11-I12 > ( d i +1 n * tanfli) -tana x 

Since, tan^Kl and tanaKl in an ordinary condition, 
In > (lxa+di • tana 1 )/(l-tan0 1 • tana x ) formula (1-3) 
By forming the upper shading film 18 and the lower shading 
film 2 of the liquid crystal display device according to 
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embodiment 1 so as to fulfil all the conditions of formula (1-1) , 
(1-2) and (1-3), it is possible to prevent the oblique incident 
light coming both from the upper direction and the lower 
direction from reaching the TFT, while minimizing the size of 
the upper shading layer 18 and the lower shading layer 2. 

One example of a method for manufacturing the switching 
element and its peripheral portion in the liquid crystal display 
device according to embodiment 1 will now be explained. As 
shown in FIG. 4 (a) , on the transparent substrate 1 made of glass 
or quartz and the like, a shading film constituting the lower 
shading layer of the transistor is deposited by a CVD method 
or a sputtering method and the like. Then, the formed film is 
patterned through photo/etching, in order to form the lower 
shading layer 2. As for the shading film, material having a 
light blocking effect is used, such as a metal film (Al, Ta, 
Ti, W, Mo, Cr, Ni), a single layered film made of polysilicon 
and the like, AlSi, MoSi 2 , TaSi 2 , TiSi 2 , WSi 2 , CoSi 2 , NiSi 2 , PtSi, 
Pd 2 S, HfN, ZrN, TiN, TaN, NbN, Tic, TaC or TiB 2 , or of a laminated 
structure of these materials. 

As shown in FIG. 4 (b), an insulation film 3, such as an 
Si0 2 film and the like, is deposited on the whole surface. 

As shown in FIG. 4 (c) , an active layer 4 of the transistor 
is formed on the insulation film 3. The active layer is a 
semiconductor body such as Si, Ge, GaAs or Gap, and it can be 
amorphous, polycrystal, or single crystal. For example, in the 
case of a polycrystal silicon, generally, an amorphous silicon 



18 



thin film is deposited on the insulation film 3 to a thickness 
of 50 to 150 nm, and thereafter, the thin film is polycrystalized 
either by treating the same under high temperature or by 
radiating laser beam thereto. Thereafter, patterning is 
performed to the film through photo /etching, in order to obtain 
an active layer 4 having a desired shape. Further, impurity 
ion implantation may be performed in order to control the 
threshold voltage. 

Then, as shown in FIG. 4 (d), a gate insulation film 5 is 
formed on the active layer 4 . The gate insulation film can be 
formed by CVD, by oxidation, or by both. Next, a gate electrode 
6 is formed on the gate insulation film. 

Next, as shown in FIG. 4 (e), impurity ion implantation 
is performed using the gate electrode as the mask, in order to 
form a source region 7 and a drain region 8 . The region to which 
ion implantation is not performed becomes the channel region 
9. 

Then, as shown in FIG. 4 (f), insulation film is deposited 
on the whole surface, thereby forming an interlayer insulation 
film 10. Next, contact holes 11 are formed over the source 
region 7 and the drain region 8 for taking out electrodes . Then, 
a source electrode 12 and a drain electrode 13 made of metal 
material such as Al is formed. 

Thereafter, as shown in FIG. 5 (g), a nitride film 14 and 
an oxide film 15 is deposited on the whole surface in order to 
create a passivation film. Then, hydrogenation process is 
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performed* Next, etch back or CMP and the like is performed 
to form a flat surface. 

Next, as shown in FIG. 5 (h), wet etching is performed 
through HF and the like, using resist 16 as the mask. Since 
wet etching is an isotropic etching, the etching spreads wider 
than the opening portion 17 of the resist 16, and forms a shape 
as shown in FIG. 5 (h) . Accordingly, the position of the resist 
mask and the size of the opening of the resist 16 are to be formed 
based on the idea disclosed in the "summery (means to solve the 
problem)". Moreover, the process accuracy of the 
photolithography and the etching and the alignment accuracy of 
the resist to the lower shading layer and the TFT active layer 
should be considered when forming the resist 16. Dry etching 
using gas such as CF 4 or CF 4 +CHF 3 could be performed instead of 
the wet etching. 

Next, as shown in FIG. 5 (i), after removing the resist 
16, the shading film constituting the upper shading layer of 
the transistor is deposited through a CVD method or a sputtering 
method and the like. The shading film is patterned through 
photo/etching so that the oblique incident light coming from 
the upper shading layer side will not be reflected by the lower 
shading film, thereby creating an upper shading film 18. As 
mentioned, various materials can be used to manufacture the 
shading film. 

After that, an insulation film not shown is formed, and 
a contact hole is formed on the insulation film. Then, a 



20 



transparent electrode such as ITO is electrically connected to 
the drain electrode 13, Then, upper and lower shading layers 
are further formed in the channel width direction. Thereby, 
the incident light coming from the upper and lower sides are 
prevented from reaching the TFT. 

Embodiment 2 will now be explained. The explanatory 
cross-sectional of the switching element 100 and the peripheral 
thereof in the liquid crystal display device according to 
embodiment 2 is shown in FIG. 6. Similar to embodiment 1 (FIG. 
1) , the switching element 100 comprises a transparent substrate 
1, a lower shading layer 20, an insulation film 21, an active 
layer 22 , a gate insulation film 23 , a gate electrode 24 , a source 
region 25, a drain region 2 6, a channel region 27, an inter layer 
insulation film 28, a contact hole 29 for taking out the 
electrodes, a source electrode 30, a drain electrode 31, a 
nitride film 32, an oxide film 33, an upper shading layer 34, 
and so on. Upper and lower shading layers 20 and 34 are 
positioned above and under the switching element 100 arranged 
in matrix. The difference from embodiment 1 is that according 
to embodiment 2, the shading layer 20 including a sloped portion 
201 and having a convex shape protruding toward the switching 
element 100 is placed under the switching element. 

As for the lower shading layer 20, the lower sloped portion 
201 is located at a 0 2 angle to the horizontal direction, and 
the horizontal direction length of the lower sloped portion is 
1 21 . As for the upper shading layer 34, the length from the end 
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of the upper shading layer 34 to the point that the line drawn 
upward in the vertical direction from the origin of the lower 
sloped portion 201 crosses the upper shading layer 34 is 1 22 . 
The maximum incident angle of the light traveling obliquely from 
the lower shading layer 20 side is a 2 , the incident angle of 
the light traveling obliquely from the upper shading layer 34 
side is j3 , the maximum incident angle is /3 2 , and the distance 
between the upper shading layer 34 and the lower shading layer 
20 is set as d 2 . According to the above, 0 2f 1 21 and 1 22 are each 
set as 

0 2 > /3 2 ...... formula (2-1) 

1 2 1 > ( l 22 +d 2 • tan a 2 ) / ( 1 - tan 0 2 • tan a 2 ) formula (2-2) 

1 22 > d 2 -tan/? 2 formula (2-3) 

Similar to embodiment 1, by forming the upper shading film 
34 and the lower shading film 20 of the liquid crystal display 
device according to embodiment 2 to fulfil all the conditions 
of formula (2-1) , (2-2) and (2-3) , it is possible to forma liquid 
crystal display device capable of preventing the oblique 
incident light coming both from the upper direction and the 
lower direction from reaching the TFT, while minimizing the size 
of the upper shading layer 34 and the lower shading layer 20. 

One example of the method for manufacturing the liquid 
crystal display device according to embodiment 2 will be 
explained with reference to FIG. 7. As shown in FIG. 7 (a), 
wet etching is performed through HF and the like, using resist 
19 as the mask. Since wet etching is an isotropic etching, it 
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forms the sloped portion 2 01 of the lower shading layer 20 . The 
resist 19 is designed taking into consideration the process 
accuracy of the photolithography and the etching , and the 
alignment accuracy of the resist to the upper shading layer 34 
and the TFT active layer 22. Moreover, dry etching using gas 
such as CF 4 or CF 4 -*-CHF 3 and the like could be performed instead 
of the wet etching. 

Next, as shown in FIG. 7 (b), after removing the resist 
19, the shading film constituting the lower shading layer 20 
of the transistor is deposited through a CVD method or a 
sputtering method and the like. The shading film is then 
patterned through photo/etching so that the oblique incident 
light coming from the lower shading layer 20 side will not be 
reflected by an upper shading film 34 formed in the latter step, 
thereby creating the lower shading film 20. As mentioned in 
embodiment 1, various materials can be used to manufacture the 
shading film. 

After that, an insulation film 21 made of Si0 2 film and the 
like is formed on the whole surface, similar to embodiment 1, 
and an active layer 22 of the transistor is formed on the 
insulation film 21. The method for forming the active layer 
is the same as that of embodiment 1. Then, the layer is 
patterned by photo/etching, in order to obtain the active layer 
22 having the desired form. If necessary, an impurity ion 
implantation may be performed at this stage for controlling the 
threshold voltage. Next, a gate insulation film 23 is formed 
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on the active layer 22. The gate insulation film is either 
formed by CVD, by oxidation , or by the combination of both. Next, 
a gate electrode 24 is formed on the gate insulation film. 

Next, impurity ion implantation is performed using the gate 
electrode as the mask, in order to form a source region 25 and 
a drain region 26. The region to which ion implantation is not 
performed becomes the channel region 27. 

Then, insulation film is deposited on the whole surface, 
in order to form an interlayer insulation film 28. Next, 
contact holes 29 are formed over the source region 25 and the 
drain region 26 for taking out electrodes. Then, a source 
electrode 30 and a drain electrode 31 made of metal material 
such as Al is formed. 

Thereafter, a nitride film 32 and an oxide film 33 is 
deposited on the whole surface in order to create a passivation 
film. Then, hydrogenation process is performed. Next, etch 
back or CMP and the like is performed to flatten the surface. 

A shading film constituting the upper shading layer 34 of 
the transistor is deposited by a CVD method or a sputtering 
method and the like. Then, the formed film is patterned through 
photo/etching in order to form the upper shading layer 34. The 
shading film is formed using material having a light blocking 
effect, such as a metal film (Ta, Ti, W, Mo, Cr, Ni), a single 
layered film made of polys ilicon, MoSi 2 , TaSi 2 , WSi 2 , CoSi 2 , NiSi 2 , 
PtSi, Pd 2 S, HfN, ZrN, TiN, TaN, NbN, Tic, TaC or TiB 2 , or of 
a combination of these materials . 
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Thereafter , an insulating film 28 not shown is formed, 
followed by a contact hole 2 9 formed on the insulating film. 
A transparent electrode such as ITO is electrically connected 
to the drain electrode 31. The above method realizes a liquid 
crystal display device that is capable of preventing icident 
light coming from upper and lower directions from reaching the 
TFT. 

Embodiment 3 will now be explained. The switching element 
of the liquid crystal display device according to the present 
embodiment characterizes in that both the upper shading layer 
and the lower shading layer have sloped portions. The 
embodiment is explained with reference to FIG. 8. FIG. 8 shows 
an example where the ends of the upper and lower shading films 
are aligned. As for the upper shading layer 49, the upper sloped 
portion 4 91 is located at a 0 31 angle to the horizontal direction, 
and the horizontal direction length of the upper sloped portion 
is 1 31 . As for the lower shading layer 35, the lower sloped 
portion 351 is located ata0 32 angle to the horizontal direction, 
and the horizontal direction length of the lower sloped portion 
351 is 1 32 . The maximum incident angle of the light traveling 
obliquely from the upper shading layer 49 side is a 3/ the maximum 
incident angle of the incident light traveling obliquely from 
the lower shading layer 35 side is j8 3 , and the distance between 
the upper shading layer 49 and the lower shading layer 35 is 
set as d 3 . According to the above, the two following formula 
must be fulfilled in order for the incident light coming in from 
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the lower side to be reflected by the upper shading layer 49 
and to be reflected outward without reaching the TFT. 
(7T/2-0 31 ) + (2/J 32 +/?) = X/2 

j3 32 > o 

Accordingly, for j3 32 ( = 0 Z1 -j3 ) > 0 to be true for all 0(0 
0 31 > 0 3 formula (3-1) 

Moreover, it is necessary for 1 33 to be 1 33 < 1 31 . Therefore, 
1 33 - (d 3 +l 32 • tan0 32 +(l 31 -l 33 ) -tan0 31 ) - tan/? 

and 

l 31 >tan/? 3 • (d 3 +l 32 • tan# 32 ) formula (3-2) 
Similarly, in order for the oblique incident light coming from 
the upper area to be reflected by the lower shading layer 3 5 
and to not reach the TFT but to reflect outward, the angle 
9 32 of the lower sloped portion 351 of the lower shading layer 
35 must be 

0 32 >a 3 formula (3-3) 
Moreover, it is necessary for 1 34 to be 1 34 < 1 32 . Therefore, 

1 32 > tana 3 * (d 3 +l 31 • tan0 31 ) — formula (3-4) 
By forming the upper shading layer 49 and the lower shading 
layer 35 of the liquid crystal display device to fulfil all the 
conditions of formula (3-1), (3-2), (3-3) and (3-4), it is 
possible to prevent the oblique incident light coming both from 
the upper direction and the lower direction from reaching the 
TFT, while minimizing the size of the upper shading layer 4 9 
and the lower shading layer 35. 
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The method for manufacturing the liquid crystal display 
device according to embodiment 3 is realized by combining the 
methods of embodiment 1 and embodiment 2 . 

According to embodiment 3, shading layers 49 and 35 of the 
active matrix liquid crystal display device are respectively 
mounted on the upper and lower areas of the switching element 
arranged in matrix. The upper shading layer 49 and the lower 
shading layer 35 are each equipped with an upper sloped portion 
491 or a lower sloped portion 351 , and are each formed to protrude 
toward the switching element 100, with the lower sloped portion 
351 formed longer than the upper sloped portion 491. However, 
according to another example, the active matrix liquid crystal 
display device may include an upper sloped portion that is 
longer than the lower sloped portion. According to such example, 
as for the lower shading layer, the lower sloped portion is 
located at a 6 4l angle to the horizontal direction, and the 
horizontal direction length of the lower sloped portion is 1 41 . 
As for the upper shading layer, the upper sloped portion is 
located at a # 42 angle to the horizontal direction, and the 
horizontal direction length of the lower sloped portion is 1 42 . 
The maximum incident angle of the light traveling obliquely from 
the lower shading layer side is a 4 , the maximum incident angle 
of the light traveling obliquely from the upper shading layer 
side is /3 A , and the distance between the upper shading layer 
and the lower shading layer is set as d 4 . According to the above, 
0 41 , 9 A2f 1 41 and 1 42 are each set as 
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6 41 > J3 A . — formula (4-1) 

6 42 > a 4 formula (4-2) 

1 41 > tan/? 4 • (d 4 +l 42 • tan<9 42 ) formula (4-3) 

1 42 > tana 4 • (d 4 +l 41 * tan0 41 ) formula (4-4) 

By forming the upper shading layer and the lower shading 
layer of the liquid crystal display device so that they fulfil 
all the conditions of formula (4-1), (4-2), (4-3) and (4-4), 
it is possible to form an active matrix liquid crystal display 
device capable of preventing the oblique incident light coming 
both from the upper direction and the lower direction from 
reaching the TFT, while minimizing the size of the upper shading 
layer and the lower shading layer. 

Moreover, the upper shading layer and the lower shading 
layer according to the embodiments could be further utilized 
as a wiring layer to which are formed source electrodes and drain 
electrodes . Further, each embodiment can be applied to a 
switching element of a TFT having an LDD structure, or to an 
active element having switching functions such as MIM. 

As explained, the active matrix liquid crystal display 
according to the present embodiment is formed so that either 
one of or both the upper and lower shading layers have or has 
a sloped portion so that the layer is formed in a convex shape 
protruding toward the switching element. By providing such 
shading layer or shading layers to the active matrix liquid 
crystal display device, light is basically blocked before 
reaching the switching element. The of f -characteristic of the 
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switching element is improved according to the invention, which 
contributes to realizing a brighter and higher contrast 
display. 

Moreover, by specifying the size and the angle of the sloped 
portions of the upper and lower shading layers, the incident 
light from the upper or lower shading layer side is prevented 
from reaching the TFT* According to the invention, leak current 
of the TFT is reduced, and a good liquid crystal characteristic 
is obtained. Even further, since the size (area) of the shading 
layers is minimized, the aperture rate is increased. 

The active matrix liquid crystal display device according 
to the present embodiments comprises upper and lower shading 
layers formed of a metal film (Al, Ta, Ti, W, Mo, Cr, Ni), a 
single layered film made of polysilicon, AlSi, MoSi 2 , TaSi 2 , 
TiSi 2 , WSi 2 , CoSi 2 , NiSi 2 , PtSi, Pd 2 S, HfN, ZrN, TiN, TaN, NbN, 
TiC, TaC or TiB 2 , or a laminated structure formed of these 
materials. Accordingly, the shading layers provide high light 
blocking effect, which leads to improving the TFT 
characteristics . 

The active matrix liquid crystal display device according 
to the embodiment utilizes at least either the upper or the lower 
shading layer as a wiring layer. This feature contributes to 
simplifying the manufacture steps and to reducing the 
manufacturing cost . 

According to an embodiment of the active matrix liquid 
crystal display device, the layer underneath the upper shading 
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layer or the lower shading layer is formed by Si0 2 , which is 
etched isotropically through HF using a resist mask, the upper 
or lower shading layer being formed on this layer after removing 
the resist. This enables the sloped portion of the shading 
layer to be formed relatively easily with good control and good 
repeatability. Moreover, by proper selection of the agent for 
the etching, the resist mask material, and the material of the 
layer underneath the shading layer being etched, a shading layer 
including a sloped portion having the desired angle can be 
formed . 

According to another embodiment of the active matrix liquid 
crystal display device, the layer underneath the upper shading 
layer or the lower shading layer is formed by Si0 2 , which is 
dry-etched isotropically using a resist mask, the upper or lower 
shading layer being formed on this layer after removing the 
resist. This enables the sloped portion of the shading layer 
to be formed relatively easily with good control and good 
repeatability. Moreover, by proper selection of the gas 
material and the gas pressure for etching, a shading layer 
including a sloped portion having a desired angle can be formed. 

In general, the dispersion of the incident light (the light 
provided from the light source to the liquid crystal display 
device) is ±15 degrees at maximum, and the dispersion of the 
reflected light (the light that, once passed through the liquid 
crystal display device being reflected at the back surface of 
the glass substrate or the surface of the lens system and 
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returning to the display device) is ±20 degrees at maximum. 
Therefore , the angle of the sloped portion of the upper shading 
layer is approximately 20 degrees at maximum, and the angle of 
the sloped portion of the lower shading layer is approximately 
15 degrees at maximum. 

Effect of the Invention 

The present invention enables to provide an active matrix 
liquid crystal display having improved brightness and higher 
contrast, and the method for manufacturing the same. 
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We claim: 

1 . An active matrix liquid crystal display device 
comprising a liquid crystal cell, a switching element arranged 
in matrix, and shading layers mounted both on the upper side 
and the lower side of said switching element; wherein 

at least one of the upper and lower shading layers includes 
a sloped portion and has a convex shape protruding toward said 
switching element. 

2. An active matrix liquid crystal display device 
comprising a liquid crystal cell, a switching element arranged 
in matrix, and shading layers mounted both on the upper side 
and the lower side of said switching element; the upper shading 
layer including an upper sloped portion and having a convex 
shape protruding toward said switching element, the lower 
shading layer having a flat shape: wherein 

said upper shading layer is formed so that said upper sloped 
portion is located at a ^ angle to the horizontal direction, 
and said upper sloped portion has a horizontal direction length 
of 1 1X ; said lower shading layer is formed so that the length 
from the end of said lower shading layer to the point that the 
line drawn downward to the vertical direction from the origin 
of said upper sloped portion crosses said lower shading layer 
is 1 12 ; and the maximum incident angle of the light traveling 
obliquely from the upper shading layer side ±s a ir the maximum 
incident angle of the light traveling obliquely from the lower 
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shading layer side is /3 ir and the distance between the upper 
shading layer and the lower shading layer is d x ; 
in which 9 lf l n and 1 12 each fulfill 
6, > /3 lf 

In > (!i2 +d i " tana 1 )/(l-tan0 1 • tanaj , and 
1 12 > d 2 • tan/?!. 

3. An active matrix liquid crystal display device 
comprising a liquid crystal cell, a switching element arranged 
in matrix, and shading layers mounted both on the upper side 
and the lower side of said switching element; the lower shading 
layer including a lower sloped portion and having a convex shape 
protruding toward said switching element, the upper shading 
layer having a flat shape: wherein 

said lower shading layer is formed so that said lower sloped 
portion is located ata0 2 angle to the horizontal direction, 
and said lower sloped portion has a horizontal direction length 
of 1 21 ; said upper shading layer is formed so that the length 
from the end of said upper shading layer to the point that the 
line drawn upward to the vertical direction from the origin of 
said lower sloped portion crosses said upper shading layer is 
1 22 ; and the maximum incident angle of the light traveling 
obliquely from the lower shading layer side is a 2f the maximum 
incident angle of the light traveling obliquely from the upper 
shading layer side is (3 2f and the distance between the upper 
shading layer and the lower shading layer is d 2 ; 
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in which 9 2 , 1 21 and 1 22 each fulfill 
6 2 > /3 2 , 

1 21 > (l 22 +d 2 • tana 2 )/(l-tanS 2 ■ tana 2 ), and 

1 22 > d 2 • tan/5 2 • 

4. An active matrix liquid crystal display device 
comprising a liquid crystal cell, a switching element arranged 
in matrix, and shading layers mounted both on the upper side 
and the lower side of said switching element; the upper and lower 
shading layers respectively including an upper sloped portion 
or a lower sloped portion, both having a convex shape protruding 
toward said switching element, and said lower sloped portion 
formed longer than said upper sloped portion: wherein 

said upper shading layer is formed so that said upper sloped 

portion is located at a 0 31 angle to the horizontal direction, 
and said upper sloped portion has a horizontal direction length 
of 1 31 ; said lower shading layer is formed so that said lower 
sloped portion is located at a 0 32 angle to the horizontal 
direction, and said lower sloped portion has a horizontal 
direction length of 1 32 ; and the maximum incident angle of the 
light traveling obliquely from the upper shading layer side is 
a 3 , the maximum incident angle of the light traveling obliquely 
from the lower shading layer side is /? 3 , and the distance between 
the upper shading layer and the lower shading layer is d 3 ; 

in which 0 31 , 6 32 , 1 31 and 1 32 each fulfill 

0 31 > 03, 
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#32 > a ir 

1 31 > tan/5 3 • (d 3 +l 32 • tan0 32 ), and 

1 32 > tana 3 • (d 3 +l 31 * tan<9 31 ) . 

5. An active matrix liquid crystal display device 
comprising a liquid crystal cell, a switching element arranged 
in matrix, and shading layers mounted both on the upper side 
and the lower side of said switching element; the upper and lower 
shading layers respectively including an upper sloped portion 
or a lower sloped portion, both having a convex shape protruding 
toward said switching element, and said upper sloped portion 
formed longer than said lower sloped portion: wherein 

said lower shading layer is formed so that said lower sloped 
portion is located at a 0 41 angle to the horizontal direction, 
and said lower sloped portion has a horizontal direction length 
of 1 41 ; said upper shading layer is formed so that said upper 

sloped portion is located at a 0 42 angle to the horizontal 
direction, and said upper sloped portion has a horizontal 
direction length of 1 42 ; and the maximum incident angle of the 
light traveling obliquely from the lower shading layer side is 
a 4 , the maximum incident angle of the light traveling obliquely 
from the upper shading layer side is /? 4 , and the distance between 
the lower shading layer and the upper shading layer is d 4 ; 

in which 0 41 , <9 42 , 1 41 and 1 42 each fulfill 
0 42 > a 4 , 
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1 41 > tan/? 4 • (d 4 +l 42 • tan<9 42 ) , and 

1 42 > tana 4 • (d 4 +l 41 • tan0 41 ) . 

6. The liquid crystal display device according to any one 
of claims 1 through 5, wherein 

said upper shading layer and said lower shading layer are 
each formed of one of the following: a metal film (Al, Ta, Ti, 
W, Mo, Cr, Ni), a single layered film made of polysilicon and 
the like, AlSi, MoSi 2 , TaSi 2 , TiSi 2 , WSi 2 , CoSi 2 , NiSi 2 , PtSi, 
Pd 2 S, HfN, ZrN, TiN, TaN f NbN, Tie, TaC or TiB 2 , or of a structure 
formed by laminating said films, 

7. The liquid crystal display device according to any one 
of claims 1 through 5, wherein 

either said upper shading layer or said lower shading layer 
or both said upper and lower shading layers is or are also used 
for wiring. 

8. A method for manufacturing the liquid crystal display 
device according to any one of claims 1 through 5, wherein 

the layer underneath either the upper shading layer or the 
lower shading layer is formed using Si0 2 , which is isotopically 
etched through HF using a resist mask, and removed of said mask 
before either the upper shading layer or the lower shading layer 
is formed thereon. 



36 



9. A method for manufacturing the liquid crystal display 
device according to any one of claims 1 through 5, wherein 
the layer underneath either the upper shading layer or the lower 
shading layer is formed using Si0 2/ which is isotopically 
dry-etched using a resist mask, and removed of said mask before 
either the upper shading layer or the lower shading layer is 
formed thereon. 
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ABSTRACT 

The object of the invention is to provide an active matrix liquid 
crystal display device having improved brightness and higher 
contrast, and the method for manufacturing the same. An active 
matrix liquid crystal display device has on the upper side and 
the lower side of the switching element arranged in matrix a 
shading layer 2 and a shading layer 18, wherein either the 
shading layer 2 or the shading layer 18 is, or both the shading 
layers 2 and 18 are, formed to have a convex shape protruding 
toward the switching element and including a sloped portion 181 . 
(FIG. 1) 
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hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; 
Sid further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. And on behalf of the owner(s) hereof, I hereby appoint NIXON & VANDERHYE P.C., 1100 North Glebe Rd., 8 th Floor, Arlington, VA 
22201-4714, telephone number (703) 816-4000 (to whom all communications are to be directed), and the following attorneys thereof (of the same 
address) individually and collectively owner's/owners' attorneys to prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith and with the resulting patent: Arthur R. Crawford, 25327; Larry S. Nixon, 25640; Robert A. Vanderhye, 27076; James T. Hosmer, 30184; 
Robert W. Faris, 31352; Richard G. Besha, 22770; Mark E. Nusbaum, 32348; Michael J. Keenan, 32106; Bryan H. Davidson, 30251; Stanley C. Spooner, 
27393; Leonard C. Mitchard, 29009; Duane M. Byers, 33363; Jeffry H. Nelson, 30481; John R. Lastova, 33149; H. Warren Burnam, Jr. 29366; Thomas E. 
Byrne, 32205; Mary J. Wilson, 32955; J. Scott Davidson, 33489; Alan M. Kagen, 36178; Robert A. Motan, 29834; B. J. Sadoff, 36663; James D. Berquist, 
34776; Updeep S. Gill, 37334; Michael J. Shea, 34725; Donald L Jackson, 41090; Michelle N. Lester, 32331; Frank P. Presta, 19828; Joseph S. Presta, 
35329; Joseph A. Rhoa, 37515 I also authorize Nixon & Vanderhye to delete any attorney names/numbers no longer with the firm and to act and rely solely on 
instructions directly communicated from the person, assignee, attorney, firm, or other organization sending instructions to Nixon &. Vanderhye on behalf of the 
owner(s) . 



1. 



Inventor's Signature: ^O^LAJU/mAyVu ^uAms^Ju^v^L Date: b S^t&Pnb&W ^ 

Inventor: & Yasumori Fukushima Japan 

(first) Ml (last) (citizenship) 

Residence: (city) Fukuyama (state/country) Hiroshima, Japan 

Post Office Address: 5-5, Akebono-cho 2, Fukuyama-shi. Hiroshima, Japan 



(Zip Code) 721-0952 



2. Inventor's Signature: . Date: 

Inventor: 

(first) Ml (last) (citizenship) 
Residence: (city) (state/country) 



Post Office Address: 
(Zip Code) 



FOR ADDITIONAL INVENTORS, check box □ and attach sheet with same information and signature and date for each. 
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3. Inventor's Signature: 

Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 



Ml 



(state/country) 



(last) 



Date: 



(citizenship) 



4. 



5. 



Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 



(first) 



(first) 



M! 



(state/country) 



(last) 



Date: 



Date: 



Ml 



(state/country) 



(last) 



Date: 



Ml 



(state/country) 



(last) 



(citizenship) 



(citizenship) 



(citizenship) 



Inventor's Signature: 
%Q Inventor: 

Residence: (city) 
ZZ Post Office Address: 

iJ (Zip Code) 

8. Inventor's Signature: 

Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 



_2 !_ 



(first) 



Ml 



(last) 



(state/country) 



Date: 



Date: 



Ml 



(state/country) 



(last) 



(citizenship) 



(citizenship) 



Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 



Ml 



(state/country) 



(last) 



Date: 



(citizenship) 



10. Inventor's Signature: 

Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 



Ml 



(state/country) 



(last) 



Date: 



(citizenship) 



1 1 . Inventor's Signature: 

Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



(first) 



Ml 



(state/country) 



(last) 



Date: 



(citizenship) 



declaration Sharp 6067.doc 
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12. Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 

13. Inventor's Signature: 
Inventor: 

Residence: (city) 
Post Office Address: 
(Zip Code) 



Date: 



(first) 



Ml 



(state/country) 



(last) 



(citizenship) 



Date: 



(first) 



Ml 



(state/country) 



(last) 



(citizenship) 



14. Inventor's Signature: 
Inventor: 

, -fz Residence: (city) 

!!: Post Office Address: 
-Jj- (Zip Code) 

|15. Inventor's Signature: 

■s^; Inventor: 

""4 Residence: (city) 

ij Post Office Address: 
(Zip Code) 

jSs. Inventor's Signature: 

~D Inventor: 

^ Residence: (city) 

^ Post Office Address: 
O (Zip Code) 



(first) 



Ml 



(state/country) 



(last) 



Date: 



(citizenship) 



Date: 



(first) 



MI 



(state/country) 



(last) 



(citizenship) 



Date: 



(first) 



Ml 



(state/country) 



(last) 



(citizenship) 



FOR ADDITIONAL INVENTORS, check box □ and attach sheet with same information and signature and date for each. 
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